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& PROCESS FOR PREPARING A CHiRAL TSTBALONE 

Background of the .Invention. 
The present invention relates to a novel process for asymmetrically reducing 
racemic 4*(3»4<8chterophenyl)^^ (hereinafter also 

referred to as *ihe tetraJone* or the racemic tetralone*} and for preparing chir&i {4S}- 

10 {3,4-dlohJorophenyS}-3,4-dlhydro-1{2H}-naphthaJenone (hereinafter also referred to as 
•the chiral tetralone*}, which has utility as an intermediate in the production of pure ois* 
{1 S)(4S}*N-me!hyi-4-(3 > 4-dtchtorophenyt)"1 ,2,3,4-tetrahydro-l-naphihaleneamtne 
{sertraline}. Sertraline is a known antidepressant agent, This invention also relates to 
novel intermediates in the synthesis of chirat teiraione. 

15 Several documents relate to the synthesis of pure r&cemio N-methyM-{3,4* 

dichlorofrfien^H^tS^-tetrahydro^l-naphthaleneamlne starting with 3,4- 
dlchlorobenzophenone and proceeding via racemic (4j-4-(3,4-diohtorophenyt)-4- 
butanoic acid and then to (jJ^-(3 > 4^ich!orophenyi}-3,4^ihydro-1 (SHJ-nEphthaienone, 
See, e.g n U.S. Patent Nos, 4,636,518 {August 20, 1985); 4,556,676 (December 3, 1985); 

20 4,777,288 (October 1 1 , 1988); and 4,339,104 (June 13, 1983); and Journal of Medicinal 
Chemistry , Vol, 27, No, 11, p. 1503 (1984), 

Tetrahedron , Vol 48, No> 47, pp. 10239-10248 (1992) relates to a process for 
preparing the {4S)~enantiomer of 4*{3 r 4-dschfor0phenyi)-3.4*dihydro-1(2H>» 
naphthalenone comprising reducing the 4-ketobutanolc acid ester with a carbonyl 

25 reducing agent, as outlined In E. J, Corey e| il> Journal of Organic Chernfe fe y , Vol 53, 
p, 2881 (1988), to ultimately afford chiraJ tetratone, 

Other asymmetric methods of synthesis have been employed in the art, such 
as those described by W* M. WWiesides et aL, Journai of the American Chemical 
Society, Vol 91, Ho. 17, p. 4871 (1989); JC Mori M aL, Synthesis , p- 762 (1982); B* H, 

30 Upshute et SL> Jouroaj of Organic Chemistry , Vol. 49, p, 3928 {1 984); B, R Upshutz ft 
al, Journal of the American Chemic al Society, Vol 104, p. 4696 {1982}; G. M> 
Whtesides §L Journai of the American Chemical Society , Vol 91 , No* 17 (1969); C, 
R. Johnson at al, Journal of the American Chemical Society , Vol 95, No. 23, p. 7783 
(1973); B, H. Upshutz et aL Tetrahedron , Vol. 40, No, 24, p. 5005 (1984); and C. R 

35 Johnson e| §L Journal of the American im Ch!em1cirf i .,gQp{ety > Vol 95, No, 23, p. 7777 
(1973), 
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All of the documents cited herein, including the foregoing, are incorporated 
herein in their entireties. 

Summary o f the inventiqri , 
Broadly, the present Invention ret&tes to a process for asymmetrically reducing 
§ racemic ^{S^ichloropheny}}-^^ comprising reacting 

the racemic 4-{3,4~dfeNorophenyj}~3,4^ with an asym- 

metric ketone reducing agent, The asymmetric ketone reducing agent is preferably a 
catalytic chirat oxazaboroBdine compound. 

Preferred chiral oxazaborolidine compounds haw the formula: 



10 



15 



M H 
| j 



/ 4 5 \ 

(V) or HN 0 (Va) 

B 



wherein; 

20 R 1 is hydrogen, (C r C $ ) alkyl, benzyl, phenyl or phenyl substituted with up to 

three substftuents Independently selected from {Chalky}, (C r C 8 )a!koxyand haio; and 
R* and R 3 are syn and the same and are each phenyl or phenyl substituted with 
up to three $ub$tituents independently selected from {C,-C fi )alKyl, (C r C a }alkoxy and 
halo, 

25 Other preferred chiral oxazaborolWSne compounds have the formula; 

I / \ 

CCH a ) n _V /° (VI> 
30 1 X B^ 
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wherein; 

R* is hydrogen, iower alkyt or araikyi; 

n is 2 t 3, or 4, such that the group (CH^ forms, together with the 
oxazaboroiidine nitrogen and adjacent carbon, a 4-, 5- or 6-membered ring; and 
& R 5 and R e are phenyl . 

Another preferred asymmetric ketone reducing agent comprises either 
enantiomer of the compound having the formula: 

ipo 2 BX 

wherein tpc is isopinocampheyf, B is boron and X halo, 
10 The reduction of the racemlc tetraione, depending on the asymmetric ketone 

reducing agent chosen, wifl ySeid either cis and trans alcohols having the following 
formulae: 



15 



20 




(I) (Hi) 



or ds and trans alcohols having the following formulae: 



30 
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The en&ntiomer of the asymmetric reducing agent determines whether (1) and 
15 (Hi) or (if) and (IV) is produced. 

The present invention also relates to each of the two reduction processes 
described above {i,e., that which produces compounds (!) and (!!!) and that which 
produces compounds {!!) and (IV)} » further comprising separating, respectively, the cis 
alcohol {(} from the trans alcohol {ill) or the as aicohof (IV) from the trans alcohol (It) 
20 and oxidizing, respectively, the resulting ds aicohof (I) or trans alcohol (H) to produce 
chiral tetrabne. 

The present invention also relates to a process comprising reacting raoemtc 
tetralone with an asymmetric ketone reducing agent to produce compounds having the 
formulae; 

25 



30 
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5 



10 




and 




( I) 



(III) 



1 5 or compounds having the formulae; 



20 



25 




OH 



and 




said process further comprising the steps of oxidizing the compounds having, 
30 respectively, formuia {ill} or (IV) to produce the 4(R) enantiomer of the tetralone ((4R> 
{3 t 4-dichiorophenyi}-3 ( 4~dihydro-1 (SHJ-naphthatenone), and contacting the resulting 
4(B) tetraione with a base to produce racemlc tetraione. 

The present invention also relates to compounds having tie following formulae: 
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OH 




( IV) 



The term "halo*, as used herein, unless otherwise indicated, includes cMoro, 
fiuoro, bromo and Sodo> 

The term *alkyl\ as used herein, unless otherwise indicated, includes saturated 
15 monovalent hydrocarbon radicals having straight, branched or cyclic moieties or 
combinations thereot 

The term -alkoxy*, as used herein, includes Oaikyi groups wherein *alkyj* Is 
defined as above. 

The term K araikyT> as used herein, includes aryl groups, herein "aryT is defined 
20 as below, terminating in an alky! group, as defined above, which is the point of 
attachment. 

The term *aryf , as used herein, means mononuclear aromatic hydrocarbon 
groups such as phenyl, which can be unsubstifuted or substituted in one or more 
positions, and polynudear aryi groups such as naphthyi, anthryi, phenanthryi, and so 
25 forth, which can be unsubstituted or substituted with one or more groups. 

The term *one or more substituents\ as used herein, includes from one to the 
maximum number of substltuents possible based on the number of available bonding 
sites. 

Detailed Description of the Invention 
30 The processes of this invention for preparing the chirai tetralone {43H3,4* 

dichforophenyfJ-S^-dihydro-l (2H)~naphf halenone are depicted in the foiiowing reaction 
schemes: 
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Scheme 2 



25 




W0 95/15299 



Referring to Scheme 1, racemic 4-{3,4-dichSoropheny!)^ l 4<fihydro-1{2H}- 
naphthaJencne (tetraione) is asymmetrically reduced by reading the racemic tetraione 
with an asymmetric reagent {A) or {B}> wherein (A) and {B} are enantiomers. Reduction 
of racemic tetraione w*th enantiomer A yields compounds of formulas i and ill 
5 Reduction of racemic tetraione with enantiomer B yields compounds of femnuiae I! and 
IV, 

The reduction is performed in a suitable solvent such as tetrahydrofuran, 
toluene, or an alternative efherlal solvent, The reduction is performed at a temperature 
of from about -20°C to about 50°C t preferably from 20*C to 25°C. The ratio of 

10 racemic tetraione to asymmetric reagent is from about 10:0,025 to about 1.0:1.5. 
When the asymmetric reagent is a compound of formula (V} f (Va) or {VI), then the ratio 
of racemic tetraione to asymmetric reagent preferabiy from about 1 .0:0.025 to about 
1 ,0:0.1 , When the asymmetric reagent is a compound of formula fpe 5 8X, then the ratio 
of racemic tetraione to asymmetric reagent is preferably from about 1 0:1,0 to about 

15 1 ,0:1 3, The asymmetric reduction of racemto tetraione produces a mixture of ds and 
trans alcohols of the formulae (!) and {!!!) or of the formuiae if and !V depending upon 
the chfrality of the asymmetric reagent employed. The eis afcohoi {!} can be separated 
from the trans alcohol (iil) by methods known in the art, such as chromatography. 
Similarly, the trans alcohol IS can foe separated from the cis alcohof IV by methods 

20 known in the art. In each case, the desired product possesses the chlraiity desired for 
sertraline. The (4S) tetraione can be prepared by Jones oxidation , Swem oxidation, 
Manganese dioxide, pyridium chlorochromate, and pyridium dichromate of the resulting 
cte alcohol (I) and trans alcohol (II). 




wo mxsm 



wherein R 1 is hydrogen, {C r C 3 )alkyt t benzyl, phenyl or phenyl substituted with up to 
three substftuents independently selected from {C^C^aikyi, (C r C 6 )aikoxy or halo; and 
R* and R 3 are §yn and the same and are each phenyl or phenyl substituted with up to 
three substrtuents independently seieeted from {C t -C a )aikyi, {C^C^alkoxy or halo 
S groups suoh as chioro or fluoro. A prefaced number of substiuents is aero, A 
preferred group of such compounds fe the group of compounds wherein R\ R 5 and R 3 
are all unsubstituted phenyl Especially preferred is the compound wherein and R s 
are each unsubstftuted phenyl and R 1 is methyS. Also* especially preferred is the 
compound wherein R 2 and R* are each phenyl and R* is hydrogen, 
10 Suitable asymmetric reagents also include a chiral 1 ,3,2-oxazab0rolidine of the 



in which; R 4 is hydrogen, lower alkyl or araikyi; n Is 2, 3 t or 4, such that the group 
20 {CH a } n forms, together with the oxazaboroiidSne nitrogen and adjacent carbon, a 4* t 
or 6*membered ring; and and R 6 are phenyl Araikyi is as defined above. Preferred 
aJkyi groups of the araikyi are CH r Preferred araikyi groups are phsnylaikyt groups. 
Suitable asymmetric reagents also Include a h&ioborane represented by ihe 
formula: lp%BX f wherein tpc is isopmocampheyl, B is boron and X is hate* 
25 Additional suttabie asymmetric reagents are disclosed in US. Patent No, 

5,189,177 issued February 23, 1993; US, Patent No. 4,943,635 issued July 24, 1990: 
US. Patent No. 4,772,752 issued September 20, 19BS; U.S. Patent Application Serial 
No. 08/061 ,895 filed May 14, 1993; international Patent Application PCT/US93/00687, 
filed February t, 1993; international Patent Application PCT/US92/Q6434, filed July 1, 
30 1992; and International Patent Application PCT/US92/05433, filed July 1 , 1992, 

Referring to Scheme 2, the process for making {4S}-{3Adich!orophenyi)-3 1 4- 
dlhydro-1{2H)-naphthaienone may optionally contain one or more additional steps 
wherein alcohols (Hi) and/or {N) are recycled. In this process, the alcohois {Hi} and/or 



formula: 



15 




4* 
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{IV} are oxidized to produce 4{B} enaniiomer of the tetraione, which is then reacted with 
a base to produce the raoemic tetralone. The oxidation can be done by methods 
known to those skilled in the art, The raeemfeaticn reaction is performed at a 
temperature of from about 0°C to about 100°C, preferably 25 °C to 65°<X The 4{R) 
6 enantiomer of the tetralone is reacted with a base at a temperature of from about 25° C 
to about 65°C f preferably 60°C to 80*C. Suitable bases for this reaction include 
potassium £«butoxide f sodium hydroxide, sodium methoxide, and potassium hydroxide. 
A preferred base Is potassium t-butoxide< 

The {4SH-£ 3 ^H$chloro^ final product 

10 afforded by the process of this Invention Ss a valuable intermediate that can be used to 
synthesize the antidepressant agent known as sertraline or c|s-(t S){4S)-H-methyl-4-{3,4- 
dichiorophenyij-l^^^^etrahydro-l-naphthaieneamine by methods disclosed In the 
previously discussed prior art, More specifically, {4S)*4-(3,4-dichiorophenyl}-3,4- 
dihydro*1{2H)-naphthalenone is first converted to (4S)-N-f4"(3 1 4-dichiorophenyJ}-8 > 4- 

IS d1hydro-1{2H)-naphthalenyiidine3methanamine and then finally to the desired 
(1 S}(4S}-N-methyl-4-{3 l 4-di€hlorophenyi)-1 ,2,3,4-tetrahydro-l ^aphthaleneamine bythe 
known methods of the prior art process, as earlier described in U,S, Patent No, 
4,536,518 (August 20, 1966), in the present instance, the optically-active ketone, viz,, 
{4S^.^3 f 4^dichforopheny{)-1(2H)*naphthalenane l is first reductively aminated to give 

20 chiral ds^Hrnethyi^S^ichiorophenyl^'l ,2 A4*tetrafoydro*1 ^aphthaleneamine and the 
latter product is then separated by chromatographic means to ultimately yield the 
desired final medicinal product which is sertraline. 

The preparation of other compounds of the present invention not specifically 
described in the foregoing experimental section can be accomplished using 

25 combinations of the reactions described above that wili be apparent to those skilled in 
the art. 

In each of the reactions discussed or illustrated in Schemes t or 2 above, 
pressure is not critical unless otherwise indicated. Pressures from about 0,9 
atmospheres to about 2 atmospheres are generally acceptable and ambient pressure, 
30 ta* about 1 atmosphere. Is preferred as a matter of convenience, 

The activity, methods for testing activities, dosages, dosage forms, methods of 
administration and background information concerning sertraline are set forth in US, 
Patent Nos, 4,536,518 {August 20, 1985}, 4,777,288 {October 1 1 , 1988), and 4,839,104 
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(June 13, 1989), and the Journal of Medicinal Chemistry , Vol, 27, No, 11, p. 1508 
(1984). 

The present Invention Is illustrated by the following examples, it will be 
understood, however, that the invention is not limited to the specific details of these 



Borane meihyisulfide complex (2JM in THF, 6.0 ml, 12 mmof} was added all at 
once to a solution of {1 S, 2R}-{+}-erythro-2-amino-1 ,2-dlphenytethanol y< Amer. Chero , 

10 Soa 121© (1951) also commercially avaliable] {183 mg, 0,88 mmof) in THF (55 ml) 
under a nitrogen atmosphere. The solution was stirred for 1 8 hours. Racemic tetratone 
(5.0 g, 17 mmof) as a solution in THF was added over 1 hour r the reaction stirred 15 
minutes after the addition was completed, cooled to 0°C and quenched with methanol 
After stirring the quenched reaction for 18 hours the solvents were removed under 

15 vacuum, the contents dissolved in methylene chloride {100 ml), and washed 
sequentially with pH4 phosphate buffer (100 ml), water (100 ml), treated with 
magnesium sulfate, and solvent removed to afford a mixture of the els and trans 
afcohois (5*01 g)» Chromatography with ethyl acetate/hexanes provided the less polar 
cis alcohol «H HUB £ (CDCy 7.48 (dd, J«1Hz, J-7Hz t 1H>. 7.41*7,07 {m, 4H), 6.98 

20 (dd, J«2H2 t J^8Hz, 1 H), 6,82 (d } J^7Hz, 1 H) f 4,88 (t, J«4Hz, 1 H)> 3,99 {t, J^BHz t 1 H}, 
2,184 ,87 (m, SHI n O HUH $ 147 A 138.0, 138.4, 132 A 130,7, 130.4, 130.2, 129,8, 
129.1 1 128.3, 128,2, 127,1, 67 J, 45,1 , 30,1, 28.2 and the more polar trans alcohol *H 
NMR (CDCy 6 7,64 {d, J»7Hz f 1H} ( 7*4-7.07 (m, 4H), 6.90-6.78 (m. 2H) f 4.88 (t, 
J^SHz, M) t 4,13 (t t J*6Hr, 1H) 4 2.434 ,63 (m, 5H), The less polar els alcohol 1 (160 

25 mg, 0,646 mmol) was dissolved in methylene chloride {6 rnL), treated with pyridium 
chiorochromate (220 mg, !023 mmol), and stirred for 2 hours at ambient temperature. 
Diethyl ether was added (25 ml), stirred 20 minutes, and the solvent decanted, The 
residual dark gum was washed with diethyl ether {2 X 15 ml), the organic layers 
combined, filtered through a pad of magnesium sulfate, and solvent removed under 

30 vacuum to afford a brown oil {170 mg)* Chromatography on silica (5,1 g) eiuihg with 
methylene chloride provided the china! teiratane as a clear oil {1 18 mg). This material 
was determined to be > 95% ee by HPLC with a chirai support (DSaoel Co, ChiraloelOD 
4.8 mm X 25 cm, 10% isopropyi alcohot/hexane). 



5 examples. 



EXAMPLE 1 
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EXAMPLE 2 



f4$^43 < 4^jchtorophenvi^34^ihvdro-1(2H)^aphthai0non9 
{3,4Hjieh!orophenyt)-3,4^}h^^ (*the tetraJone'') (5g ( 17 

mmolHSHetrah^ 

S Org, Chtm, 2861 {1988}] {238 mg, 0.859 mmoi), and tetrahydrofuran (THF) {68 ml) 
were combined at ambient temperature in a flamed dried flask under a rirtrogen 
atmosphere. Borane methytsuide complex (2 U in THF, 43$ ml) was added over 1 
hour, 30 minutes later the reaction was quenched at 0®C Wfth methanol {16 M ml% and 
stirred for 1 8 hours. The solvents were removed under vacuum , the contents dissolved 

1 0 in methylene chloride (68 ml), and washed sequentially with pH4 phosphate buffer {68 
mL), water (68 mL), treated wfth magnesium sulfate, and solvent removed to afford a 
mixture of the ess and trans alcohols {4.93 g) , Chromatography wfth 
ethylaeetate/hexanes provided the less polar cis alcohol aO=-S2,27 {o^l ,01 > methylene 
chloride} and more polar trans alcohol #D« 437.79 {c»1.18, methylene chloride). The 

15 more polar trans aicoho! 2 {160 mg, 0,548 mmol) was dissolved in methylene chloride 
(5 ml), treated with pyridium chtorochromate {220 mg, 1 .023 mmol), and stirred for 2 
hours at ambient temperature, Diethyl ether was added (25 ml), stirred 20 minutes, 
and the solvent decanted. The residual dark gum was washed with diethyl ether {2 X 
1 5 mL), the organic layers combined, filtered through a pad of magnesium sulfate, and 

20 solvent removed under vacuum to afford a brown oil {162 mg). Chromatography on 
silica {5 g) eluting with 25% ethyl acetate/haxanes provided the chir&J tetraione as a 
dear oil (139 mg) oD~+3S>8 {c=t.1 1} which corresponds to a 56% ee. 



THF {13.8 ml) under a nhrogen atmosphere, and cooled to -25®C, Tetraione {5 g, 17 
mmol) was added as a solution in THF (13,8 ml), the contents allowed to warm to 
ambient temperature, and stirred 46 hours. The solvent was removed under vacuum, 
diethyl ether (65 mL) and ethanol amine (3,9 mL) were added, and the contents stirred 
30 for 18 hours. The precipitate was filtered off, washed with pentane {2 X 20 ml), and 
the solvent removed under vacuum from the filtrate to yield the crude product {4,98 g) 
which was chromatographed on silica with 25% ethyl acetate/hexanes to separate the 
cis and trans alcohols* The more polar trans alcohol 2 {175 mg, 0.579 mmol) was 



EXAMPLE 3 



25 
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"1 4* 

dissolved in methylene chloride {S ml) and treated with pyridium chiofochromate {192 
mg) for 2 hours at ambient temperature Diethyl ether was added (25 ml), stirred 15 
minutes, and the solvents decanted, The residual black semisolid was washed with 
diethyl ether (2 X 10 ml), the organic phases combined, fiitered through CEUTE, and 
5 solvent removed under vacuum to yield the crude chirai tetralone. Chromatography on 
silica eluting with 26% ethyl acetate/hexanes afforded 165 mg of pure product 
#D~*30.94 (c»t.28 t acetone) which corresponds to 47% ee< 

EXAMPLE 4 

4- (3.4-dichiorophenvf^3 < 4-dihvdro-1f2H)-naDhthatenone 
10 Pyridium ohloroohromate oxidation of the trans alcohols 3 and 4 with the same 

procedure employed on alcohols 1 and 2 provided the chirai tetralone, RaeemizatSon 
of the chirai tetralone into racemic tetralone was achieved as follows. Potassium t- 
buf oxide {90 mg, 0,80 mmol) was added to a solution of chirai tetralone (1.12 g, 3,84 
mrnoi) in THF (4 ml), The solution was reffuxed for 18 hours under nitrogen, cooled 
15 to ambient temperature, methylene chloride (10 ml} and aqueous hydrochloric acid 
(1 N, £0 ml) added, and the phases separated. The organic phase was washed with 
water (10 ml}, brine (10 mL), dried with magnesium sulfate, and solvent removed under 
vacuum to yield 11 g of the crude raeemtc tetralone, Recrystatiization from methanol 
afforded 1,07 g (95%) of the racemic tetralone mp*104-5 o G, Other base sofvent 
20 combinations which effect racemfeation are methanol/sodium methoxJde, 
methanoi/sodium hydroxide, and methanol/potassium hydroxide. 
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CLAIMS 

1. A pracessfor asymmetrically^ 
dihydro-1 (2H)-naphthaienone comprising reacting the racemic 4-{3 y 4*dichtorophenyl)- 
S^dlhydro-I^HJ-n^hthalenon© with an asymmetric ketone reducing agent. 
5 2, A process according to claim 1 herein the asymmetric ketone reducing 

agent *s a chlral catalytic oxazaborotidSne compound. 

3, A process according to claim 2 wherein the chiral oscazaborolidin© 
compound has the formula: 



10 



or 



15 





wherein: 

R' is hydrogen, (O r C $ ) alkyl, benzyl, phenyl or phenyl substituted with up to 
20 three substituents independentSy selected from (C r C Jalkyf , (C r C fi )a*koxy and halo; and 
and R* are and *s same and are each phenyl or phenyl substituted with 
up to three substituents independently selected from (C r C 8 }aikyi f (C r C,)aikoxy and 
haio, 

4. A process according to claim 2 wherein the chiraf oxazaborolidine 
25 compound has the formula: 

R 5 



30 



<CHg) 




(VI) 
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OH 



OH 



5 



10 




and 




8. A process according to claim 8 wherein said process further comprises 
15 the steps of separating the ds alcohol {1} from the trans alcoho! {Ill) and oxidizing the 

the resulting cis alcohol {!} to produce chiraJ tetralone. 

9, A process according to claim 7 wherein said process further comprises 
the steps of separating the cis alcohol {IV) from the trans alcoho! and oxidizing the 
the resulting trans afcohol {11} to produce chiral teiralone. 

20 10, A process according to claim 1 wherein the reaction of racemic tetralone 

with m asymmetric ketone reducing agent yields compounds having the formulae: 
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wherein: 

R* is hydrogen, lower aJkyl or araifcyi; 

n is 2, 3, or 4, such that the group (CH 2 )„ forms, together with the 
oxazaboroildine nitrogen and adjacent carbon, a 4-, 5- or 6-membered ring; and 
5 R s and R 8 are phenyl, 

5. A process according to claim 1 wherein the'asymmetrie ketone reducing 
agent comprises either enanttomer of the compound having the formula: 

ipejBX 

wherein Spc is isoplnocampheyi, 8 is boron and X is haio. 
to 6, A process according to ct&im 1 wherein the reduction of the racemic 

tetralone yields cis and trans alcohols having the following formulae: 



15 



20 




( I ) (III) 
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7, A process according to claim t wherein the reduction of the racemic 
tetralone yields cis and tens alcohols having the following formulae: 



* 
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CI) 



(III) 



1 5 Of compounds having the formulae: 



OH 
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25 




and 




(II) 



(IV) 



11, A process according to eiaim 10, further comprising the $teps of 
30 oxidizing the compounds having formula (!!!) or (IV) to produce (4R}-{3,4- 
dichJoropheny!}-3,4-dihydro-1(2H}-naphtr)a!enone { and contacting the resulting 4{R) 
tetralone with a base to produce racemtc 4-(3,4-dichioropheny!)-3»4-dihydro-1{2H}- 
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12. A process accord ing to ciaim 1 0 wherein said asymetric ketone reducing 
agent is a chiral oxazaboroddine having the formula: 



fV i$ hydrogen, {<Vty alkyf, benzyl, phenyl or phenyt substituted wfth up to 
three subs«uents independently selected from (C r C^)atkyl, (C r C s )aikoxy and halo; and 

R* and R* are sjffi and the same and are each phenyl or phenyl substituted with 
up to three substituents fndependenfiy selected torn (Ci-CJatkyi, {C r C e )a!kQxy and 
halo, 

13, A process according to claim 10 wherein said asymmetric ketone 
reducing agent h a chlrai oxazaboroiidine having the formula; 



wherein: 

R 4 is hydrogen, tower alky! or aralkyi; 

n is 2, 3, or 4, such that the group {CH 2 ) n forms, together with the 
oxazaborolidine nitrogen and adjacent carbon, a 4-, 5* or 6*membered ring; and 
R 5 and R 6 are phenyl. 





WO 95/15299 



PCT/JM4/90263 




INTERNATIONAL SEARCH REPORT 



is& ioti&l Application No 

PCT/IS 94/00263 



A. CLASSJFCCATfON OF SUBJECT N^AJIPR; , tJS ™ ,> rt ->,r.*,w^^ 

IPC 6 £07853/00 C07C29/143 C07C35/2? C07C45/30 C07C49/697 



Ae^f^gtoiTttrniationsI Patent atmfmmn jWC) or to both national da^casog and jPC 



FIELDS SEARCHED 



Minimum documentation searched {dasBtotion system followed by teiiifcstion sysMs) 

IPC 6 C07C 



Doewn*ntauon searched other than mMmvtti documentation to the extent thai such doctJraents are included in the (fcl<fe searched 



Eteevonk data base consulted during' the international search (name of data base and, whztt practical, search terms mwi) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Gtaaon of d&eument, with induration, where appropriate: Of the relevant passages 



MO, A, 93 2M08 (PFIZER) 25 November 1993 
see claims; examples 4,12 

Ef\A,0 305 180 (PRESIDENT AND FELLOWS OF 

HARVARD UNIVERSITY) I March 1989 

see page 18, line 44; claims; example 2 

U$,A,4 772 752 (H BROWN) 20 September 1988 
see claims; examples 



Relevant to claim No. 



1-3 
1,2,4 

1,5 



□ 



Further 



Ate lifctai in the continuation of box C 



Patent family members arc listed in same*. 



* Spetsal eate&ories Of etted documents i 

'A' doctHnent defining *hc general stats of tlw art wftieh is not 

eottttd&rcd to be of particular relevance 
*E* earlier document but published on or after the intern&tjonai 

filing da;c 

V document which may throw ctoubis on priomy eiairoCs) or 
which i* dttd to e&abhsh fee pufcheaJbcm date fcf another 
citation or ottier special fea^n {as specified) 
document referring to m oral dsxetossfre, usc t exhibition or 
other means 

"P" doti£K»ent published prior to the international filing date hut 
later than the priority date eiatmed 



T* later document punished after the intero&fciortaJ filing date 
or orioriiy date and no$ in conflict «tt* the application hut 
cited to mdcrstaftri the principle or theory underlying the 
invention 

'X* document of panietfar relevance; the daifned invention 
cannot be cortsidcf*d novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y V document of paruculsr relevance; the claimed invention 
cannot be considered to involve m inventive step when the 
document combined with one or more other suoh docu- 
ments, such combination bem& obvious to a person stalled 
in the art* 

"St.* document member of the same patent family 



Date of the actual eornptcuon of the international search 



17 October 1994 



Date of noting of the imcfttfiuonai search report 



-8, 11 & 



Name and mmim£ address of the iSA 

Isuropcaa Patent Office, VAX SRIS S'atentiaan 5 

T«L ( + Jl 70) 34^5040. Tic. XI 651 epo nl. 



Autiiorixed officer 



Heywood, C 



F«tm J*CT/ISA,^10 i*acoad sh«t> fJuty W$?> 



INTERNATIONAL SEARCH REPORT 

information <m patent family mtabm 



ln\ Am$i Application No 

PCT/IB 94/00263 



Patent document 


Publication 


Patent farotfy 


Pubikja'liofi 


cited in search report 


date 




date 


W0-A-9323408 


25-11-93 


AU-8- 


3593193 


13-12-93 






HU-A- 


65136 


co u<t y*t 


EP-A-0305180 


01-03-89 


US-A- 


4943635 


24-07-90 


US-A-4772752 


20-09-88 


US-A- 


4866181 


12-09-89 






US-A- 


5043479 


27-08-91 



i 



¥&m PC?/!$A#tt <pat«*t femtfy atsfteaj firtg J«J3 



